Introduction
Microlithography technique has made remarkable progress in fabrication of semiconductor devices. At present, short wavelength exposure using an ArF excimer laser with the wavelength of 193 nm has been actively investigated [1] [2] [3] [4] [5] [6] [7] , because the resolving power of an optical image is highly dependent on the wavelength of the light beam. The chemically amplified resist is the most important material for mass production of ULSI, because it shows high sensitivity and high resolution by using acid catalytic reaction. It is important to clarify the reaction mechanisms from the point of view of the effective development of microlithography techniques. Many papers on product analysis of acid genertor for KrF (248 nm) excimar laser and i-line (365 mn) have been reported [8] [9] [10] [11] [12] [13] . And papers on flash photolysis of acid generator, such as a 347 nm nano-second flash and a 265 nm femto-second flash have been reported [14, 15] . However, the reaction mechanisms of the chemically amplified resist for ArF (193 nm) and KrF excimer laser have not been studied yet by ArF and KrF excimer laser, except for the preliminary experiment [16] .
In the present study, an ArF and KrF excimer laser flash pliotolysis system have been established to elucidate the detailed mechanisms for the photo-induced reactions such as energy and charge transfer reactions in the chemically ampli- 
Experimental
The ArF and KrF excimer laser flash photolysis system consists of an excimer laser (Ramda Physics, COMPex 102) as an irradiation source, a Xe flash lamp as an analyzing light, a monochromator (Ritsu, MC-ION), a Si photodiode and a transient digitizer (Tektronix, SCD 1000) as shown in Figure 1 .
m-Cresol novolac, poly(vinyl phenol) and poly(methyl methacrylate) derivatives are used as resist matrices for i-line, KrF and ArF lithography; the structures of the polymeric materials are shown in Figure 2 . Two kinds of onium salts, diphenyliodonium and triphenylsulfonium triflates (DPI-Tf and TPS-Tf, respectively), were used as acid generators. Acetonitrile was used as a solvent. The solutions were deaerated by argon bubbling in quartz cells with a 10-mm optical path length.
Results and Discussion
The onium salts absorb photon and decompose via excited states in the resist. The polymers don't participate in the primary processes, because they are transparent for the irradiation light. As a beginning, we examined the photoinduced reactions of the onium salts. Figure 3 (a) shows the transient absorption spectra obtained by the KrF exci- mer laser photolysis of the acetonitrile solution containing 0.2 mM DPI-Tf. The spectra possess an absorption peak at the wavelength of 650 nm. The transient intermediate was assigned to the iodobenzene radical cation [14] . We confimed that the peak was reduced in the presence of cation scavengers such as amine. DPI-Tf decomposes into the phenyl radical, the iodobenzene radical cation, and triflate anion by the excimer laser irradiation. Similarly the absorption peak was observed when irradiated with the ArF excimer laser. In the flash photolysis of an acetonitrile solution containing TPS-Tf by ArF and KrF excimer lasers, an absorption peak at 720 nm was observed, as shown in Figure 3 (b) . TPS-Tf decomposes into the phenyl radical, the diphenylsulflde radical cation, and triflate anion by the excimer laser irradiation. The peak was assigned to the diphenylsulflde radical cation. The reactions occurring in these systems are expressed as follows:
These radical cations are thought to play an important role in the processes of the acid generation, because protons are generated from cationic species. Next, the reactions of these cations with the base resin polymers were measured. Figure 4 shows that the time dependent behavior observed by the KrF excimer laser flash photolysis of the DPI-Tf solution in acetonitrile containing in-cresol novolac. This figure indicates that the radical cations were scavenged by in-cresol novolac. Similarly, the charge transfer was observed to occur from cationic species of onium salt to polyvinyl phenol) by KrF excimer laser irradiation. It is found that the radical cations react with the phenolic polymer. In this case, the reactions are expressed as follows:
CF3S03" + ArOH2+ --• H+CF3SO3' + ArOH (5) It is expected that a stable acid was generated from the proton adducts and the counter anions. Figure 5 shows that the time dependent behavior observed by the ArF excimer laser flash photolysis of the DPI-Tf solution in acetonitrile containing PMMA.
The behavior of the rations didn't change in the presence of methacrylic polymers. The radical cations were not scavenged by methacrylic polymers.
In the case of the ArF resist, radical cations don't react with the resist matrix.
The difference in the reactions of the radical cations with the polymeric materials can be explained by the fact that the iodobenzene radical cations and the diphenylsulfonium cations have higher ionization energies than aromatic compounds but lower ones than methacrylic compounds.
Thus, in the ArF chemically amplified resist, protons are generated by the in-cage reaction of the onium salts.
It would appear that acid generation reactions in the KrF chemically amplified resisit have the two paths, charge transfer process from decomposed radical cation of onium salt and in-cage recombination reaction of onium salt.
Conclusion
We investigated the reaction mechanisms for chemically amplified ArF and KrF excimer resists by the ArF and KrF excimer laser flash photolysis technique. The charge transfer between the decomposed radical cation of the onium salts and the KrF and i-line phenolic base polymer was confirmed to occur. In methacrylic resist, the charge transfer between the decomposed radical cation of the onium salts and the methacrylic polymer was not confirmed to occur. In the KrF and i-line chemically amplified resist, there are two acid generation mechanism. One is the charge transfer process from decomposed radical cation of acid generator to base polymer. Another is the in-cage reaction of the onium salt, as reported [1 .3,1 5] . In the ArF chemically amplified resist, the in-cage recombination reaction is important.
